From 25 May to 21 July 2017, the research vessel Polarstern performed the cruise PS106 to the high Arctic in the region north and northeast of Svalbard. PS106 contributed observations for the initiative "Arctic Amplification: Climate Relevant Atmospheric and Surface Processes and Feedback Mechanisms (AC) 3 " which involves numerous projects aiming on understanding the role of atmospheric and surface processes in the ongoing rapid changes in the Arctic climate. As one of the central 5 facilities of (AC) 3 , the mobile remote sensing platform OCEANET was deployed aboard Polarstern. Within a single container, OCEANET houses state-of-the-art remote sensing equipment, including a multi-wavelength Raman polarization lidar Polly XT and a 14-channel microwave radiometer HATPRO. For the cruise PS106 the measurements were supplemented by a motion-stabilized 35-GHz cloud radar Mira-35. This paper describes the treatment of technical challenges which were immanent during the deployment of OCEANET in 10 the high Arctic. This includes the description of the motion stabilization of the cloud radar Mira-35 to ensure vertical-stare observations aboard the moving Polarstern. Also, low-level clouds and the presence of fog frequently prevented a continuous analysis of cloud conditions from synergies of lidar and radar within Cloudnet, because the technically determined lowest detection height of Mira-35 was 165 m above sea level. To overcome this obstacle, an approach for identification of the cloud presence solely based on data from the near-field receiver of Polly XT at heights from 50 m and 165 m above sea level is 15 presented.
1 Introduction Table 1 . Overview of the ship-borne remote sensing instrumentation deployed during PS106 that had been used for processing of the Oceanet observations. Additionally, launches of Vaisala RS92-SGP radiosondes were conducted every 6 hours (shortly before 5, 11, 17 and 23 UTC to reach 100 hPa approximately at 6, 12, 18 and 24 UTC) to obtain in-situ profiles of temperature, relative humidity, pressure, and horizontal wind speed and direction. 155 3 Data processing and synergistic retrievals
Aim of the OCEANET observations from PS106 was to provide a continuous vertically-resolved view on cloud and aerosol macro-and microphysical properties in order to enhance the understanding of the Arctic atmosphere system and to support partner projects with datasets for radiative transfer calculations and turbulence studies. To derive continuous products of cloud and aerosol properties, the shipborne OCEANET remote sensing observations were processed using the synergistic retrieval algorithm Cloudnet (Illingworth et al., 2007) . In this section, we describe the extension of the standard Cloudnet algorithms by additional simple but operationally applicable products providing estimates of cloud droplet and ice crystal effective radius and the cloud-turbulence parameter eddy dissipation rate (EDR). The procedure for minimizing the influence of the RV motion on the measurement of vertical velocities with Mira-35, which are required for the EDR retrieval, is also explained below. 165 3.1 Correction of vertical-stare cloud radar observations for ship motion A structural requirement to derive valid vertical velocity from a Doppler cloud radar is a vertical pointing radar without an own vertical-velocity component. When the cloud radar is pointing off-zenith, the measured vertical-stare Doppler velocity will be biased by an additional component introduced by the horizontal wind. Based on high resolved horizontal wind data and the radar beam incident angle, a correction is possible for this bias (Wulfmeyer and Janjić, 2005) . For PS106, a different 170 approach was chosen. Similar to the approach described by Achtert et al. (2015) , the cloud radar was mounted on an active stabilization platform ( Fig. 3 (b) ), which was in our case a predecessor of the SOMAG AG Jena -GSM 4000 (SOMAG, 2017) .
This platform actively leveled out the roll and pitch movement of the RV in a way that no correction of horizontal-wind effects was necessary. On the other hand, if the cloud radar itself moves in a vertical direction, the resulting velocity superimposes the measured Doppler velocity. In the case of a moving RV, the vertical movement is induced by the RVs heave rate and rotation.
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The necessary heave correction was done in a post-processing procedure which will now be introduced.
To enable the correction, the complete radar Doppler spectra as well as the motion data (rotation and translation) of Polarstern were stored with a resolution of 4 Hz and 20 Hz, respectively, throughout the entire cruise. The heave rate of the cloud radar 
In Figure 3 (b) the time series of v Cz for PS106 is shown. The heave rate correction was done by shifting each individual Doppler spectrum opposite to the cloud radar heave rate. An illustration of this procedure is shown in Fig 4. In an initial 185 step, the cross correlation between the timestamps of the two data sets, the cloud radar Doppler spectrum and the cloud radar heave rate, was calculated to check for a possible time shift between both datasets. This was found to be 0.25 s. Subsequently, the two values of v Cz from before and after the current Doppler spectrum have been linearly interpolated onto its respective time. Finally, the spectrum was shifted according to the number of spectral bins determined by the Doppler resolution ( ∆v DopplerSpectrum = 0.08 m s −1 ) and the interpolated heave rate.
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The effect of the heave correction is illustrated in Figure 5 . In Figure 5 (a) the uncorrected Doppler velocity measured on 30 May 2017 between 00:00 -01:00 UTC, together with the respective histogram of the velocities is shown. The RVs movement 
Retrieval of eddy dissipation rate
The rate at which turbulence kinetic energy is transferred from larger eddies into smaller ones and eventually dissolve into thermal energy is the EDR. This is used as a quantitative proxy of atmospheric turbulence. Several approaches to retrieve the EDR are common. Methods exist for in-situ measurements from aircraft- (Nicholls, 1978; Nucciarone and Young, 1991; Meischner et al., 2001) , helicopter- (Siebert et al., 2006a) , and balloon-borne (Caughey et al., 1979; Siebert et al., 2006b) , as 200 well as for meteorological tower instruments (Caughey et al., 1979; Kaimal et al., 1976; Zhou et al., 1985) . Additional retrievals for remote sensing observation have been developed (Borque et al., 2016; Sathe and Mann, 2013) . These methods are based on the Doppler velocity structure function derived from vertically-pointed Doppler lidar (Frehlich and Cornman, 2002) or Doppler radar (Lothon et al., 2005) or a combination of the width of the Doppler spectrum and the Doppler velocity measurements (Meischner et al., 2001) . Other retrievals use time series analyses of vertical velocities from vertical-stare Doppler radar (Shupe 205 et al., 2012; Kalesse and Kollias, 2013) or Doppler lidar observations (O'Connor et al., 2010) .
Typical values for EDR in clouds spread between 10 −1 -10 −8 m 2 s −3 . Borque et al. (2016) report EDR of maritime and continental stratiform clouds in the order of 10 −4 -10 −2 m 2 s −3 and 10 −7 -10 −2 m 2 s −3 , respectively. In cumulus clouds with weak updrafts, EDR had been found in a range between 5 · 10 −5 -10 −2 m 2 s −3 , whereas values up to 10 −1 m 2 s −3 were found for cumulus clouds with strong updrafts (Siebert et al., 2006a) . In cumulonimbus clouds, Meischner et al. (2001) found values for EDR between 10 −6 -5 · 10 −2 m 2 s −3 . For low clouds or fog at Chilbolton, UK, O'Connor et al. (2010) estimated the EDR to be in the order of 10 −4 -5 · 10 −2 m 2 s −3 .
The presented range of EDR for different cloud conditions suggests that also Arctic clouds might show characteristic differences for varying atmospheric conditions. The vertical alignment of the cloud radar during PS106 enables the determination of EDR from the vertical air motions observed in cloud layers. Below, we thus present a retrieval technique for EDR that can be 215 applied to the OCEANET data set.
EDR from vertical-stare Doppler velocity power spectra
Assuming the turbulent energy dissipation is a homogeneous and isotropic process, the turbulent energy spectrum S(k) within its inertial subrange is represented according to Borque et al. (2016) by
220 with A = 0.5 the Kolmogorov constant for a 1-D wind spectra (Sreenivasan, 1995) . k represents the wavenumber, which is related to a length scale L (k = 2π/L) as well as to frequency f with k = f /V h and V h as the horizontal wind speed and assuming a linear wind field. If in a log-log plot the observed spectra within the inertial subrange follows a −5/3 slope, ε can be estimated by
where k 0 is the corresponding intercept of the linearized fit.
For this study, power spectra of the Doppler velocity with 4 Hz of continuous time series covering 5 minutes were calculated.
To get the best estimate of the respective inertial subrange, the fit was determined by calculating a linear least-squares regression of the spectrum in 34 different wavenumber intervals. The corresponding wavenumber intervals ∆k i are depicted in Fig. 6 (a) together with the spectrum of the verrtical velocity observed on 7 June 2017, from 10:28 -10:43 UTC. Following Borque et al.
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(2016), a good fit was defined with a slope from the linear regression of -5/3 ± 20% (-5/3 ± 1/3). If this criteria was matched within more than one wavenumber interval the mean of all ε i for one spectrum was calculated. In order to evaluate the EDR estimated by cloud radar measurements, it was compared to EDR derived from the tethered balloon (Egerer et al., 2019) . The time periods used for deriving EDR from the tethered balloon was 15 minutes, during which it was located at a constant height above ground. Two comparisons had been done, one on 7 June 2017, between 10:28 and 10:43 UTC and one on 9 June 2017, 235 between 09:00 and 09:15 UTC.
In Figure 6 (a) an intercomparison of the power spectrum derived by the tethered balloon measurements (red) with the spectrum as it was derived from the cloud radar (blue) according to the techniques described above is shown for the period on 7 June 2017. The comparisons of the two retrievals showed that the values differ by a factor of 2-3. For 7 June, the cloud radar retrieval underestimated the balloon value ( Fig. 6 (a) ) and vice versa for 9 June (not shown here). This discrepancy is in the 240 order of magnitude as one could expect due to the spatial distance between the two measurements alone (about 200 m). The dashed line in Fig. 6 (a) is an example for the -5/3 slope and the black lines indicate the wavenumber intervals that had been used to check for a -5/3 slope of the Fourier spectrum. and eventually the cloud dissolved.
Cloud macro-and microphysical properties from instrument Synergies
To acquire a data set suitable for the statistical evaluation of the macro-and microphysical properties of clouds observed during PS106, the instrument synergistic approach Cloudnet (Illingworth et al., 2007) was applied. This data set in addition serves to realize model evaluations (Illingworth et al., 2007) and radiative transfer calculations, e.g, with the Rapid Radiative
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Transfer Model for climate and weather models (RRTMG; Iacono et al. (2008) ). RRTMG is currently utilized for single column radiative transfer calculations. The model considers vertical profiles of relative humidity and temperature, standard atmospheric constituent profiles based on Anderson et al. (1986) and cloud macro and microphysical properties of clouds.
These assignments include sets of effective radius and mass concentration of liquid and ice hydrometeors. In the following, the approaches for achieving these dataset requirements based on the PS106 remote-sensing observations are described. 
Cloudnet
The instrument synergy approach Cloudnet (Illingworth et al., 2007) , which combines the observations from lidar, cloud radar, microwave radiometer, disdrometer and radiosondes was used to determine cloud physical properties during PS106. To illustrate this procedure, the Cloudnet approach will now be briefly introduced. The measurements are first averaged on a common grid with a vertical and temporal resolution of 31.18 m (resulting from the cloud radar resolution) and 30 s, respectively. Based on the observations scaled on the Cloudnet grid, a classification mask is derived, which assigns a series of 7 distinct features to the observed targets: clear yes/no; liquid yes/no; falling yes/no; wet bulb temperature below 0°C yes/no; melting layer yes/no; aerosol yes/no; insects yes/no. The bitwise classification ensures that each data point is characterized by a defined combination of these features. Based on the individual combination of the classification bits, a set of typical atmospheric targets is derived, as described by Hogan and O'Connor (2004) .
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Cloud droplets are assumed to be spherical and to have a large effective surface compared to ice crystals as they are in fact rather small but appear in high number. Their presence is determined by lidar measurements due to its sensitivity to smallsized but numerous particles. Hence a Cloudnet pixel with high backscatter and a distinct decrease after the signal is defined as liquid. The presence of ice is determined by a radar pixel indicating a falling particle at a dew point temperature T < 0°C. If both criteria for liquid and ice, high lidar backscatter, and downward-pointing cloud radar vertical velocity are fulfilled at T < 0°C 270 the pixel is identified as mixed-phase. Besides using the air temperature, the melting layer is also identified by a cloud radar linear depolarization ratio LDR > -15 dB or a strong increase of the vertical velocity observed by the cloud radar. To estimate the temperature at the respective time-height pixel, radiosonde-based profiles of thermodynamic variables are interpolated on the Cloudnet grid. If no radiosonde was launched from the RV but Polarstern was in the vicinity of Svalbard, soundings from Ny Ålesund (Maturilli, 2017) were substitutionally utilised. As a last fall-back option, data from the Global Data Assimilation
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System model (GDAS) with a horizontal and vertical resolution of 1°and 3 h (GDAS1) was used as meteorological input into
Cloudnet. Due to their rather small size but heterogeneous shape, aerosols are characterized by absence of a radar signal and low lidar backscatter signals which can show both strong or weak depolarization, depending on the aerosol type (Baars et al., 2017) .
Besides the phase of the cloud, the respective mass concentrations of ice and liquid water are determined were applicable.
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The liquid water content (LWC) is derived by scaling the MWR liquid water path adiabatically onto the cloud pixels defined as liquid or mixed-phase (Frisch et al., 1998; Merk et al., 2016) . For pure-liquid data points, the approach of Frisch et al. (2002) is used to derive the cloud droplet effective radius from the observed radar reflectivity factor and liquid water path and an assumed width of the log-normal cloud droplet size distribution (which was, according to Miles et al. (2000) , set to 0.35 in our study). The ice water content (IWC) is calculated using an empirical formula from Hogan et al. (2006) relating cloud radar 285 reflectivity Z and temperature T . This approach for IWC is only applied for those clouds Cloudnet classified as ice clouds. In this step also a correction for potential attenuation of the cloud radar signal due to the presence of liquid water is made. Dealing with thin Arctic clouds, this was no big issue for this study.
Ice crystal effective radius
As discussed above, Cloudnet offers a variety of retrievals for ice microphysical parameters. Nevertheless, the continuous 290 application of radiative transfer calculations requires a consistent availability of ice and liquid hydrometeor effective radius and mass concentration. While Cloudnet already contains retrievals for effective radius and mass concentration of liquid droplets, as well for ice water content, so far no operational retrieval for ice effective radius is available. We therefore decided for the implementation of a new approach which is based on the combination of a definition of the effective radius as the ratio of the third to the second moment of the particle size distribution (PSD) and an empirical relationship between the visible extinction 295 coefficient α, cloud radar reflectivity, and model temperature. Similar as for IWC (and α), r eice is only calculated for datapoints
where Cloudnet classified ice clouds.
Using the ratio of the second to the third moment of the PSD, the effective radius r eice can be related to IWC and α (Delanoë et al., 2007) . This yields for r eice :
300 with ρ i as density of the solid ice (ρ i = 917 kg m −3 ). Both, IWC and α have been calculated using empirical relationships between IWC or α, and the cloud radar reflectivity Z of a 35-GHz cloud radar and temperature T (Hogan et al., 2006) .
Finally, we found for the ice crystal effective radius a Z-T relationship:
with C ZT = −2.05 · 10 −4 , C Z = 1.6 · 10 −3 , C T = −1.71 · 10 −2 and C = −1.52.
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To estimate the error of the identified effective radii of the ice crystals, an error propagation of Eq. (6) had be done using the respective error for IWC and α from Hogan et al. (2006) .
Fog detection
During PS106, frequently low-level clouds (cloud base < 165 m) or fog have been observed. These situations were often associated with an attenuation of the lidar beam within the lowest few hundred meters above Polarstern due to the high optical 310 thickness of these clouds. The cloud radar, in turn, has its technical limitation in detecting the lowest part of the boundary layer. The measurements of Mira-35 start in a height of 155 m above the instrument. Due to the instrument synergy approach of Cloudnet this is also the height of the lowest Cloudnet data pixel. Thus, the low-level clouds which occurred during PS106
introduced on the one hand issues to the Cloudnet retrieval due to misinterpretation of attenuated lidar signal as missing signal.
On the other hand, since most current statistics of Arctic clouds do not consider clouds in such a low altitude, these clouds 315 tend to be underrepresented in Arctic cloud statistics. To address these issues, we introduce a new Cloudnet classification category called fog. Fog was identified by the Polly XT signal-to-noise ratio (SNR, (Heese et al., 2010) ) in the lowest 165 m above sea level. If the SNR exceeded a value of 40 this was assumed to be due to the presence of fog. Since the SNR is not yet range-corrected, this threshold-crossing at these low altitudes is very likely only due to the occurrence of fog or low-level clouds. 
Retrieval of CCN-and INP number concentrations
Arctic clouds and their susceptibility to the presence of aerosol are still in focus of research (Morrison et al., 2012) . Based on the measurements of Polly XT , an estimation of cloud condensation nuclei (CCN) and ice nucleating particle (INP) properties is possible (Mamouri and Ansmann, 2016) . To do so, profiles of the aerosol backscatter coefficient and depolarization ratio need to be determined. In a second step, these profiles are converted into profiles of the particle extinction coefficient using an 325 appropriate lidar ratio (extinction-to-backscatter ratio).
The CCN number concentration (CCNC) and INP number concentration (INPC) profiles were estimated from profiles of the lidar-derived particle extinction coefficient at 532 nm by means of conversion parameters and published INP parameterization schemes (DeMott et al., 2010) as described by Mamouri and Ansmann (2016) . The required conversion parameters for Arctic AERONET stations were determined in the same way as outlined by Mamouri and Ansmann (2016) . We used multi-year The direct retrieval of the CCN conversion parameters from the AERONET data (level 2, version 3, inversion products) revealed C 1 = 18.6 cm −3 and exponent d 1 = 0.83 for the range of extinction coefficients from 15 -300 Mm −1 (500 nm AOD 335 from 0.015 -0.3 were measured). During the PS106 observations, the aerosol extinction coefficient was mostly around 1-10 Mm −1 in the lower part of the troposphere. The AERONET data for this low range of extinction coefficients indicates that conversion parameters of C 2 = 10 cm −3 , d 2 = 0.9, C 3 = 3.0 cm −3 , d 3 = 1 would be appropriate. The aerosol in the Arctic is fine-mode dominated and shows Ångstrom exponents (440-870 nm) typically between 0.9 and 1.8 (with an average of 1.5-1.6).
Back trajectory analysis: Trace
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To analyse the origin of an observed air mass and to classify the most likely continental source region, the trajectory analysis tool Trace based on HYSPLIT (Stein et al., 2015) and GDAS1 data as dynamic driver were used. This trajectory analysis tool calculates 10-day backward trajectories of an 27-member trajectory ensemble. To estimate the most likely source region of the trajectory, the residence time below the mixing depth provided by the GDAS1 data set was used and categorized in different land cover categories (Foth et al., 2019; . 
Case studies
Three case studies will be presented in the following. They were, on the one hand, chosen to demonstrate the potential OCEANET offers, by presenting the capabilities of the standard Cloudnet products and of Polly XT . On the other hand, these cases are selected to illustrate the new products introduced in this study. Fig. 9 (d) ) indicate strong turbulent mixing of the cloud layer.
At around 05:30 UTC, a transformation of the cloud occurred, the LWP increased up to 160 g m −2 and precipitation started, almost reaching the ground (the disdrometer aboard Polarstern showed no precipitation signal, not shown here). Though the LDR showed no increased values, the presence of ice was identified due to detection of enhanced radar reflectivity and vertical velocity and thus a mixed-phase cloud was classified between 05:30 -06:30 UTC. During this period, the retrievals of the ice 365 and liquid hydrometeor size as proposed in this paper may be influenced by each other. Both retrievals are based on the same quantity, the radar reflectivity, which is characterized by the largest peak in the Doppler spectrum. To tackle this issue, a peak separation of the Doppler spectrum as it is proposed e.g., by Shupe et al. (2004) , Kalesse et al. (2016b) or would be necessary. This would offer the opportunity to calculate the effective radius of the different hydrometeors species of the surrounding radiosonde profiles reached 0°C leading to an immediate transition from a mixed-phase to a pure liquid cloud. Therefore, no IWC and no ice effective radius were determined under these conditions.
A second transition of the cloud situation during this day is associated with an altocumulus layer which was located above the stratocumulus. Around 09:00 UTC this mid-level cloud layer with a cloud-top temperature of -1°C occurred at 1900 m height over Polarstern. As this layer increased in geometrical and optical depth, shading effects reduced the cloud-top radiative 375 cooling of the cloud below. This led to a collapse of the EDR in the lower layer at around 12:00 UTC ( Fig. 9 (d) ) and finally to a dissipation of the cloud. The values for ε in the altocumulus were about the same order of magnitude as for the stratocumulus, indicating that the upper cloud was able to effectively cool to space. Starting at about 14:00 UTC the altocumulus formed a two-layer structure at 1500 m and 1200 m, respectively. Due to the shading of the upper layer, the lower one lost its turbulent moment and the cloud dissipated shortly after. The altocumulus was classified as pure ice cloud, probably due to the fact 380 that the lidar signal was already fully attenuated in the lower layer which impedes the classification as liquid at an ambient temperature below 0°C. At around 11:00 UTC, the temperature exceeded 0°C, due to which Cloudnet changed its classification from an ice cloud to a liquid cloud. After persisting for about 4 hours with very low EDR, the stratocumulus started to dissipate at around 16:00 UTC. This offered the lidar the opportunity to observe the aerosol structure above Polarstern in the subsequent hours ( Fig. 10 (b) ). Between 9 June 18:00 UTC -10 June 2017 11:00 UTC, one of the rare cloud-free events of PS106 occurred and Polly XT observed aerosol layers in the free troposphere ( Fig. 10 (d) ). The respective radiosonde profiles for this period are shown in Fig. 10 (a-c) . Based on a Trace airmass source analysis of 27 10-day back-trajectories, a southern inflow for air masses above the boundary layer is identified for this period. At the 2000 m height level, the trajectories show that these were long-range-390 transported aerosol layers that originated over continental Europe (Fig. 11 ). Below 2000 m height, the trajectories indicate that pathways mainly crossed the north sea and the Atlantic ocean.
The 1064-nm lidar attenuated backscatter coefficient and the 532-nm volume depolarization ratio are shown in Fig. 10   (d, e) . These measurements reveal the existence of three aerosol layers being present over Polarstern on 9 June 2017 around 18:00 UTC. A shallow layer at 500 m height staying roughly at the same altitude as long it was observed by Polly XT . A second 395 one is visible between 1000 and 1500 m height ascending to 2500 m at 00:00 UTC on 10 June 2017. At 07:00 UTC on 10 June 2017, a liquid cloud formed at the top of this layer. A third aerosol layer with a liquid cloud embedded at 2300 m height, being rather constant in altitude, was present between 19:00 -21:00 UTC on 9 June 2017.
In Figure (12) , a detailed analysis of the aerosol optical properties as derived from the lidar measurements from the time period of 00:00 -02:20 UTC is presented. During this period, two layers were detected and are visible in the profiles of 400 the backscatter coefficient at all three wavelengths ( Fig. 12 (a) ). The rather strong wavelength dependence of the backscatter coefficient, as shown by the high Ångstrom exponents (Fig. 12 (b) aerosol from continental Europe are most probably the source for the upper aerosol layer. The lower aerosol layer on the other hand is most-likely a mixture of down-mixed continental and upward-mixed marine aerosol.
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Based on the aerosol optical properties retrieved by Polly XT an estimation of the CCNC was done for all three combinations of conversion factor and extinction exponent as mentioned in Sect. 3.4. We chose the second combination (C 2 = 10 cm −3 and d 2 = 0.9) to illustrate the results in Fig. 12 (d) . The mean values of CCNC for the upper aerosol layer in this case was found to ben CCN,2 = 180 cm −3 . For the two other combinations, we foundn CCN,1 = 260 cm −3 andn CCN,3 = 75 cm −3 , respectively.
For the lower aerosol layer, we foundn CCN,2 = 70 cm −3 . For the two other combinations, we foundn CCN,1 = 110 cm −3 410 andn CCN,3 = 25 cm −3 , respectively. The uncertainty of this method is up to 200% (dashed lines in Fig. 12 (d) ). In addition, the INPC was calculated for a fixed temperature of -15°C. The results are shown in Fig. 12 (e) . The INPC for the lower layer was found to be around 0.6 L −1 for this temperature. In the upper layer, n IN P went up to values slightly above 1 L −1 . These calculations have an error of 300% (dashed lines in Fig. 12 (e) ) but nevertheless provide a guideline about the conditions of the cloud-relevant aerosol properties on the discussed day. In Figure 14 , we present the OCEANET measurements for the period from 7 June, 21:00 UTC to 8 June 2017, 09:00 UTC.
The corresponding thermodynamic profiles from the radiosondes launched during this time period are shown in Fig. 13 . In Figure 16 (a) , the Cloudnet target classification, together with the IWC (b), ice effective radius (c) and ice water path (d) are
shown. The ice water path is derived as the integral of the IWC for each profile. This period is chosen to illustrate the fog 420 detection algorithm and the retrieval of the ice effective radius.
At the beginning of the addressed time period, a low-level mixed-phase stratiform cloud reaching up to a height of 500 m is present. This layer is visible in both the cloud radar reflectivity as well as in the lidar attenuated backscatter data. Due to its high optical thickness, this cloud led almost continuously until 23:30 UTC to an attenuation of the lidar signal already close to cloud base (Fig. 14) . Only occasionally, backscattered lidar signals from aerosols above the cloud were detected. During this 425 period, the liquid water path varied between values of around 0 g m −2 for moments when the lidar was able to detect signal from above the cloud and values up to 100 g m −2 associated with periods when the lidar signal was attenuated already close to cloud base.
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https://doi.org/10.5194/amt-2019-434 Preprint. Discussion started: 11 December 2019 c Author(s) 2019. CC BY 4.0 License. Figure 14 . Same as Fig. 8 but for 7 June 2017 21:00 UTC -8 June 2017 09:00 UTC (note: the first and last launch shown in Fig. 13 was before the plotted profiles of the measurements start).
In Figure 15 The IWC of the cirrostratus was found to range from 10 −4 -10 −6 kg m −3 with lowest values at cloud top and highest values at cloud base. The ice effective radius ranged from 30 -55 µm and its distribution follows the same pattern as the one of the IWC, as can be expected because both follow a similar reflectivity-temperature relationship. The dashed lines mark the times of the radiosonde launches shown in Fig. 13 (note: the time of the first and last launch shown in Fig. 13 was before and after the presented time period).
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https://doi.org/10.5194/amt-2019-434 Preprint. Discussion started: 11 December 2019 c Author(s) 2019. CC BY 4.0 License.
Cloud statistics
In Figure 17 , an overview about the statistical distribution of the cloud and fog occurrence during PS106 is given. In Fig-450 ure 17 (a), daily statistics of the vertical distribution of fog is shown. In addition, the frequency of occurrence of fog for each day is illustrated in Fig. 17 (b) . Fog was detected during a significant period of time on almost each day. The highest frequency of occurrence was observed while the Polarstern was surrounded by sea ice. Rather low values occurred while Polarstern was in the vicinity of Svalbard. Statistics of the cloud type occurrence are shown in Fig. 17 (c) . The daily frequency of occurrence as well as the total distribution for the complete campaign of fog (purple), liquid clouds (orange), ice clouds (light blue), mixed-455 phase clouds (green), multi-layer clouds (dark blue), and cloud-free situations (yellow) is shown. In addition, an analysis of the co-occurrence of fog and other cloud types was performed and is shown in the very right column of Fig. 17 (c) . The rate of coexistence of the respective cloud type together with fog is indicated by a slightly varied color code.
In total, during 11% of the time cloud-free conditions were detected by Cloudnet during PS106. The two most prominent cloud types were multi-layer and mixed-phase clouds with an occurrence frequency of 38.5% and 36% of the observational 460 time, respectively. Pure ice clouds were present for about 8% and pure liquid clouds for about 4.5% of the time, respectively.
Single events of the new Cloudnet class fog were detected during 2.5% of the time of the two month campaign. In addition, 27% of the observed liquid clouds and 48% of the ice clouds occurred simultaneously with fog. Mixed-phase and multi-layer clouds were detected together with fog during 24% and 27% of their respective observational time.
In contrast to Nomokonova et al. (2019) , who provided a statistical analysis of the cloud occurrence over Ny Ålesund,
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Svalbard, for the period between June 2016 and July 2017, we found a higher frequency of single layer mixed-phase clouds at the expense of cloud-free and single-layer liquid clouds when comparing the period of PS106. This may be due to a difference in turbulence as well as in a change of the cloud microphysics at locations surrounded by sea ice or open ocean (Young et al., 2016) .
Summary and Conclusions
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A two-month campaign of RV Polarstern, including an extensive suite of ground-based remote sensing instruments of the OCEANET platform, has been conducted north-and northeast of Savalbard in the Arctic summer of 2017. This study described in detail the deployed instrumentation and the applied processing schemes. Only few campaigns with a comparable equipment have been performed in recent years at these latitudes, e.g., ASCOS which took place from 2 August to 9 September 2008 (Tjernström et al., 2014) and ASCE in the Arctic summer and early autumn of 2014 . being well established, applying the Cloudnet algorithm to data from a remote-sensing supersite aboard a research vessel in the Arctic reveals new challenges. The movement of the ship has a significant effect on the measured vertical velocity of the cloud radar. To tackle this issue, the cloud radar was mounted on a stabilization platform to guarantee its vertical pointing. The vertical velocity dataset was corrected for the heave rate of the ship in a post-processing procedure subsequent to the cruise.
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Using the corrected vertical velocities from the cloud radar, the eddy dissipation rates were calculated. Based on published retrievals of visible extinction coefficient and ice water content, the new approach to derive the effective radius of the ice crystals was introduced. The associated uncertainties, estimated by error propagation, of the ice crystal effective radii are presented in Fig. 16 (d) . On average the uncertainty is about 50% of the size of the radii themselves which reflects the strong influence of uncertainties in the underlying observational data on the retrieval. Given the challenges in estimating the effective radius of ice 490 crystals on a continuous basis on the one hand and the necessity of having such values, e.g., for radiative transfer calculations, on the other hand, we consider this estimate to be still in a reasonable range. In Figure 18 for full PS106 is shown. Values range from 20 -60 µm, with a peak at around 50 µm. This is consistent with other studies of ice effective radius (e.g., Blanchard et al., 2017) .
This study revealed in addition the relevance of the lowest detection limit of remote sensing instruments on the represen-495 tativity of Arctic-cloud statistics. Cloudnet is configured to have its lowest range gate at the lowest detection altitude of the cloud radar, which was 165 m above the ocean surface for PS106. Lower-level cloud layers are thus not identifiable within Cloudnet. In our study, lower cloud structures were identified using the SNR measured by the lidar Polly XT . This ability has been used to study the occurrence of fog and low-level clouds below the first Cloudnet range gate. So far such clouds have not been considered in most Arctic cloud climatologies derived by remote sensing instruments. Liu et al. (2012) for example 500 defined low-level clouds as those between 0 and 2000 m, with 960 m above the ground being the height where surface contamination effects on Cloudsat become insignificant, and using a vertical resolution of 240 m. Shupe et al. (2011) summarized cloud statistics from several multi-year data sets derived from ground-based remote-sensing observations for different sites in the Arctic. They specified a height dependence of cloud occurrence down to 300 m by using a combination of lidar and radar.
Below 300 m, however, they provided information about cloud occurrence but without any further specification of the cloud 505 base. Even airborne remote sensing instruments suffer from the strong ground clutter and thus struggle to deliver information about cloud occurrence below 150 m height above the surface (Mech et al., 2019) .
Our study shows that a higher vertical resolution and reliable signal from very low altitudes is required to characterize the lowest-level cloud layer which occur between approximately 50 m and 165 m above ground. Such clouds stay undetected for ground-based in-situ sensors (because they are too high) as well as for most automatized ground-based remote sensing 510 instruments (because they are too low). Future radiative transfer studies should show what the effect of the lowest-level clouds, which occurred during 25% of the observation time, is on the radiation budget of the region where PS106 was performed.
Future work will confront the observed cloud macro-and microphysical properties as well as the EDR with high resolution model simulations along the PS106 track that have been carried out in the framework of (AC) 3 . The herein introduced remote sensing techniques will also be applied to the dataset of the currently ongoing one-year polar ice drift of RV 
